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Abstract: Previous studies have suggested that procalcitonin is a

reliable marker for predicting bacteremia. However, these studies have

had relatively small sample sizes or focused on a single clinical entity.

The primary endpoint of this study was to investigate the diagnostic

accuracy of procalcitonin for predicting or excluding clinically relevant

pathogen categories in patients with suspected bloodstream infections.

The secondary endpoint was to look for organisms significantly associ-

ated with internationally validated procalcitonin intervals. We per-

formed a cross-sectional study that included 35,343 consecutive

patients who underwent concomitant procalcitonin assays and blood

cultures for suspected bloodstream infections. Biochemical and micro-

biological data were systematically collected in an electronic database

and extracted for purposes of this study. Depending on blood culture

results, patients were classified into 1 of the 5 following groups:

negative blood culture, Gram-positive bacteremia, Gram-negative bac-
Fares Namour, MD eu Garcia, MSc,
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2.2 ng/mL [IQR 0.6–12.2]), and the lowest procalcitonin concentration

was observed in patients with negative blood cultures (median 0.3 ng/

mL [IQR 0.1–1.1]). With optimal thresholds ranging from �0.4 to

�0.75 ng/mL, procalcitonin had a high diagnostic accuracy for exclud-

ing all pathogen categories with the following negative predictive

values: Gram-negative bacteria (98.9%) (including enterobacteria

[99.2%], nonfermenting Gram-negative bacilli [99.7%], and anaerobic

bacteria [99.9%]), Gram-positive bacteria (98.4%), and fungi (99.6%).

A procalcitonin concentration �10 ng/mL was associated with a high

risk of Gram-negative (odds ratio 5.98; 95% CI, 5.20–6.88) or Gram-

positive (odds ratio 3.64; 95% CI, 3.11–4.26) bacteremia but dramatic-

ally reduced the risk of PCBCs or fungemia. In this large real-life setting

experience with more than 35,000 patients, procalcitonin was highly

effective at excluding bloodstream infections regardless of pathogen

categories. The results from our study are limited by its cross-sectional

design and deserve to be validated in prospective longitudinal studies.

(Medicine 94(44):e1774)

Abbreviations: 95% CI = 95% confidence interval, IQR =

interquartile range, NFGNB = nonfermenting Gram-negative

bacilli, NPV = negative predictive value, ROC = receiver

operating characteristic.

INTRODUCTION

P rocalcitonin, a prohormone of 116 amino acids, is the pre-
cursor for the calcium homeostasis hormone, calcitonin.

Procalcitonin circulates at very low concentrations in normal
serum and is thought to be produced in physiological conditions
by the neuroendocrine cells in the thyroid gland and lungs.1

Procalcitonin is massively synthetized by various types of cells
during sepsis, which is defined as a systemic inflammatory
response to infection.2,3 In a landmark study, procalcitonin
was shown to accurately differentiate between systemic bacterial
infections and noninfectious inflammatory states in intensive care
unit patients.4 Since then, several studies have evaluated its
diagnostic accuracy during sepsis, and 3 meta-analyses demon-
strated that procalcitonin was a reliable marker for sepsis in both
adult and pediatric populations.5–7 In addition, it has been
demonstrated that the use of procalcitonin to guide the initiation
and duration of antibiotic therapy in patients with acute respir-
atory infections was effective in reducing antibiotic exposure
isks of mortality or treatment failure.8–11

d that sepsis and its sequelae are still
ute illness and death in patients with
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community-acquired or nosocomial infections.6 Although there
is no gold-standard test to confirm infection, bacteremia is
present in approximately 30% of patients with sepsis.12,13

The average delay in obtaining the result of a blood culture
is between 24 and 48 hours. Hence, the availability of a rapid
biochemical test to predict the probability of a negative blood
culture will target low-risk patients who may not benefit from
empirical antibiotic therapy pending blood culture results.
Several studies have evaluated the benefit of using procalcitonin
to predict blood culture results.14–29 However, these studies
have had relatively small sample sizes and short study periods.
Furthermore, some of these studies focused only on a single
clinical entity such as community-acquired pneumonia29–31 or
urosepsis.15,16,18,24

Studies with small sample sizes have evaluated the mag-
nitude of procalcitonin elevations in patients with bacteremia
according to Gram stain results and suggested that Gram-
negative bacteremia could be associated with higher procalci-
tonin values compared with Gram-positive bacteremia,
regardless of the severity of disease.23,32 However, these results
have not been confirmed in large cohorts or through ‘‘big data’’
approaches.

Using a big data approach on standardized data from an
electronic database with more than 35,000 consecutive patients
over a 7-year study period, we aimed to investigate the diag-
nostic accuracy of procalcitonin in predicting or excluding
pathogen categories in patients with suspected bloodstream
infections.

MATERIALS AND METHODS

Study Population
The ‘‘Nancy Biochemical Database’’ is an electronic

database that included consecutive patients hospitalized in 67
healthcare departments at the University Hospital of Nancy and
underwent concomitant blood procalcitonin assays and blood
cultures for suspected bloodstream infections between January
1, 2006 and December 31, 2012 (Supplemental Digital Content:
Figure 1, http://links.lww.com/MD/A504). Blood cultures and
procalcitonin assays were considered concomitant if the time
between the 2 tests was less than 12 hours. All investigations
were conducted at the discretion of the physicians of each health
care department as part of a standard assessment for blood-
stream infection suspicion.

For each patient, biochemical and microbiological data were
systematically collected in the electronic database and were
retrospectively extracted for the purposes of the study using
the GLIMS general laboratory information management system,
version 8.11.6 (MIPS France S.a.r.l., Paris, France). The follow-
ing data were available in the electronic database: patient identi-
fication number, patient age at the time of blood collection, date
and time of blood sampling for blood culture and procalcitonin
assay, patient health care department, blood culture result
(positive or negative), microorganism genus and species in
case of positive blood culture, blood procalcitonin concentration
(ng/mL), and blood C-reactive protein concentration (mg/L). The
following data were not available in the electronic database:
clinical diagnosis of SIRS, sepsis, severe sepsis, or septic shock;
the presence or absence of a central venous catheter, final clinical
diagnosis, and infection source in patients with positive blood

Oussalah et al
culture; and antibiotic use. The ‘‘Nancy Biochemical Database’’
was reported to the French National Commission for Data
Protection and Liberties (CNIL No 1763197v0), which
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supervises the protection of individuals with regard to the proces-
sing of personal data. The University Hospital of Nancy ethics
committee approved the study.

Study Design
We performed a cross-sectional study that included con-

secutive patients who had concomitant procalcitonin assay and
blood culture for suspected bloodstream infection.

Primary and Secondary Endpoints
The primary endpoint of the study was to investigate the

diagnostic accuracy of procalcitonin for predicting or excluding
pathogen categories in patients with suspected bloodstream
infection. The secondary endpoint was to look for organisms
significantly associated with internationally validated procalci-
tonin intervals (0.05–0.1 ng/mL, 0.1–0.25 ng/mL, 0.25–0.5 ng/
mL, 0.5–1 ng/mL, 1–2 ng/mL, 2–10 ng/mL, and procalcitonin
�10 ng/mL).11

Procalcitonin Assay
Plasma procalcitonin concentration was measured using

automated immunofluorescent assays of procalcitonin in human
plasma (EDTA, heparin) samples (Brahms PCT sensitive
KRYPTOR kit for Brahms KRYPTOR, Hennigsdorf, Germany)
according to the supplier’s protocol. The normal procalcitonin
concentration was defined as <0.05 ng/mL according to sup-
plier reference values. The intraassay coefficients of variation
for procalcitonin were 6.86% and 5.73% for level 1 and level
2, respectively.

Blood Culture
Routinely, 1 to 3 pairs of blood culture bottles (Bactec Plus

Aerobic and Bactec F Lytic Anaerobic, Becton Dickinson, Le
Pont de Claix, France) were inoculated with each patient’s
blood and incubated in the BD Bactec 9240 blood culture
system for at least 5 days. If no bacterial growth was detected
within the incubation period, the blood culture was considered
negative. All bottles flagged positive were removed from the
instrument, and aliquots were taken for direct Gram staining and
subculture on standard solid media for subsequent analysis.
Identification of microorganisms was performed by conven-
tional methods, including biochemical identification (Vitek 2,
bioMérieux, Marcy L’Etoile, France), 16S rRNA gene sequen-
cing, and, as of July 2012, mass spectrometry with a Vitek MS
(bioMérieux) MALDI-TOF mass spectrometry system.
Depending on blood culture results, patients were classified
into 1 of the 5 following groups: negative blood culture, Gram-
positive bacteremia, Gram-negative bacteremia, fungemia, and
potential contaminants found in blood cultures (PCBCs) as
defined by Lee et al.33 In the group of patients with potential
contaminants (mainly coagulase-negative staphylococci
species), the clinical criteria for distinguishing contaminants
from true bacteremia as suggested by Lee et al33 were not
available due to the design of the study. Patients in the ‘‘Gram-
negative bacteremia’’ group were divided into 3 subgroups as
follows: enterobacteria (Escherichia, Enterobacter, Klebsiella,
and Citrobacter), nonfermenting Gram-negative bacilli
(NFGNB) (Pseudomonas and Acinetobacter), and anaerobic
bacteria (Bacteroides). The ‘‘Gram-positive bacteremia’’ group
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included the following organisms: Staphylococcus aureus,
Streptococcus (other than viridans-group streptococci), and
Enterococcus.
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Statistical Analysis
All quantitative variables are described as medians and

percentiles (interquartile range [IQR], 25 to 75th percentile). All
proportions are expressed as percentages with 95% confidence
intervals (95% CIs). The comparison of serum procalcitonin
values across groups was performed using the Kruskal-Wallis
test. A post-hoc analysis for pairwise group comparisons was
performed according to Conover in order to avoid multiple
testing issues.

Primary Endpoint
The diagnostic accuracy of procalcitonin was assessed by a

receiver operating characteristic (ROC) analysis according to
DeLong et al34 using one of the following classification criteria:
pathogen group according to blood culture results classification
or the specific organism identified in blood cultures. In each
ROC analysis, patients who met one of the classification criteria
were compared with patients with negative blood cultures and
patients with positive blood cultures who did not meet the
classification criteria. For each ROC analysis, the diagnostic
accuracy output results were as follows: sensitivity, specificity,
positive and negative likelihood ratios, positive and negative
predictive values (NPVs), and area under the receiver operating
characteristic curve with associated P value. For each ROC
analysis, the optimal procalcitonin threshold was defined using
the Youden index J. Bias-corrected and accelerated (BCa)
bootstrap interval after 10,000 iterations for the Youden index
and its associated values was performed.35

Secondary Endpoints
To look for organisms significantly associated with inter-

nationally validated procalcitonin intervals11 (0.05–0.1 ng/mL,
0.1–0.25 ng/mL, 0.25–0.5 ng/mL, 0.5–1 ng/mL, 1–2 ng/mL,
2–10 ng/mL, and procalcitonin concentrations �10 ng/mL),
we performed a stepwise multivariate logistic regression
analysis. A logistic regression model was constructed for each
predefined procalcitonin stratum. In each logistic regression
model, the dependent variable was the predefined procalcitonin
stratum, and the explanatory variables were either pathogen
groups (verbatim) according to the blood culture results classi-
fication or pathogen genus identified in blood cultures (verba-
tim). Results were shown as odds ratios and 95% CIs and the
percentage of cases correctly classified. For each logistic
regression model, we assessed model discrimination using
ROC analysis and model calibration using the Hosmer and
Lemeshow goodness-of-fit test. All statistical analyses were
conducted with MedCalc for Windows, version 13.3 (MedCalc
Software, Ostend, Belgium) on the basis of a 2-sided type I error
with an alpha level of 0.05.

RESULTS

Characteristics of the Patients Included in the
Study

The study included 35,343 consecutive patients. The
median age was 49 years (range 0–102; IQR 13–66) and the
median procalcitonin value of the entire population was 0.34 ng/
mL (IQR 0.15–1.31) (see Supplemental Digital Content: Table
1, http://links.lww.com/MD/A504 for the exhaustive list of
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departments and corresponding median procalcitonin values
according to the health care department). C-reactive protein
was measured concomitantly in 6434 of the 35,343 patients

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
included in the study with a median value of 67.1 mg/L
(IQR 15.2–150.4). Blood cultures were negative in 87.7% of
the 35,343 patients. Among the 2699 (7.6%) patients with
positive blood cultures 23.5%, 17.8%, 6.9%, and 6.0% had
positive blood cultures for Staphylococcus aureus, Escherichia
coli, Enterococcus, and Pseudomonas, respectively. Together,
these results represented more than 50% of the positive blood
cultures in this study (Table 1 and Supplemental Digital
Content: Table 2, http://links.lww.com/MD/A504).

Influence of the ‘‘Blood Culture Results’’ Group
on Procalcitonin Concentration

The median procalcitonin concentration differed signifi-
cantly across patient groups according to blood culture results
(negative blood culture, Gram-positive bacteria, Gram-negative
bacteria, and fungi) (P< 0.0001; Kruskal-Wallis test). The
highest procalcitonin concentration was observed in patients
with blood cultures growing Gram-negative bacteria (median
2.2 ng/mL [IQR 0.6–12.2]), and the lowest procalcitonin con-
centration was observed in patients with negative blood cultures
(median 0.3 ng/mL [IQR 0.1–1.1]) (Table 1 and Supplemental
Digital Content: Figure 2, http://links.lww.com/MD/A504).
Among the patients with Gram-negative bacteremia, the highest
procalcitonin concentrations were noted for anaerobic bacteria
(Bacteroides) (median 2.7 ng/mL [IQR 0.7–13.0]) and enter-
obacteria (Escherichia, Enterobacter, Klebsiella, and Citrobac-
ter) (median 2.5 ng/mL [IQR 0.7–13.5]) in comparison with
NFGNB (Pseudomonas, Acinetobacter) (median 1.1 ng/mL
[IQR 0.3–8.1]) (P< 0.0001 across subgroups; P< 0.05 for
pairwise comparisons: anaerobic bacteria vs NFGNB and enter-
obacteria vs NFGNB) (Table 1 and Supplemental Digital
Content: Figure 2, http://links.lww.com/MD/A504). The
patients from the PCBCs group (n¼ 1658, 4.7%) had blood
cultures that were positive for viridans streptococci (n¼ 86) and
coagulase-negative staphylococci (n¼ 1572) consisting mainly
of the 3 following species: epidermidis, hominis, and capitis
(Supplemental Digital Content: Table 3, http://links.lww.com/
MD/A504).

Primary Endpoint: Diagnostic Accuracy
of Procalcitonin for Predicting or Excluding
Pathogen Categories in Patients With Suspected
Bloodstream Infection

In ROC analysis, optimal procalcitonin thresholds ranging
from �0.4 to �0.75 ng/mL had very high diagnostic accuracies
for excluding all pathogen categories with the following NPVs:
Gram-negative bacteria (98.9%) (including enterobacteria
[99.2%], NFGNB [99.7%], and anaerobic bacteria [99.9%]),
Gram-positive bacteria (98.4%), and fungi (99.6%) (Table 2).
The diagnostic accuracy of procalcitonin for predicting each
specific bacterial genus in patients with bacteremia is reported
in Table 3. Consistent with the above-mentioned data, optimal
procalcitonin thresholds ranging from �0.6 to �1.0 ng/mL had
very high diagnostic accuracies for excluding all studied bac-
terial genera with NPVs ranging from 99.6% to 99.9%
(Table 3).

Secondary Endpoint: Association Between
Procalcitonin Concentration Strata and

Procalcitonin for Blood Culture Result Prediction
Pathogen Categories
Using the whole population of 35,343 patients, we looked

for organisms that could be associated with the following
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defined procalcitonin stratum are shown in Supplemental

TABLE 1. Median Procalcitonin Value (ng/mL) in the 35,343 Patients Included in the Study

Procalcitonin, ng/mL

n % 95% CI Median IQR

All patients included in the study 35,343 100 — 0.3 0.2–1.3
Negative blood culture 30,986 87.7

�
87.3–88.0 0.3 0.1–1.1

Positive blood culture 2699 7.6
�

7.4–7.9 1.5 0.4–7.7
According to bacterial genera and fungi

Staphylococcus aureus 633 23.5y 21.9–25.1 1.4 0.3–7.1
Escherichia 481 17.8y 16.4–19.3 2.9 0.8–15.0
Enterococcus 187 6.9y 6.0–7.9 1.3 0.4–5.4
Pseudomonas 161 6.0y 5.1–6.9 1.5 0.5–10.5
Streptococcus 155 5.7y 4.9–6.6 1.3 0.3–7.6
Enterobacter 142 5.3y 4.4–6.1 2.1 0.5–11.9
Klebsiella 137 5.1y 4.3–5.9 2.6 0.8–11.5
Bacteroides 56 2.1y 1.5–2.6 2.7 0.7–13.0
Acinetobacter 46 1.7y 1.2–2.2 0.6 0.2–1.9
Citrobacter 44 1.6y 1.2–2.1 1.2 0.5–10.2
Other bacterial generaz 401 14.9y 13.1–15.7 0.8 0.2–4.4
Fungi 256 9.5y 8.4–10.6 1.0 0.3–2.7

According to Gram staining
Gram-negative 1067 52.3§ 50.1–54.4 2.2 0.6–12.2
Enterobacteria 804 39.4§ 37.3–41.5 2.5 0.7–13.5
NFGNB 207 10.1§ 8.83–11.4 1.1 0.3–8.1
Anaerobic bacteria 56 2.74§ 2.03–3.45 2.7 0.7–13.0
Gram-positive 975 47.7§ 45.6–49.9 1.3 0.3–6.9

N, number of patients; IQR, 25th–75th percentile. 95% CI¼ 95% confidence interval, IQR¼ interquartile range, NFGNB¼ nonfermenting Gram-
negative bacilli.�

Percentage calculated among all the 35,343 patients included in the study.
y Percentage calculated among the 2699 patients with positive blood cultures.
zRare bacterial genera with frequency less than 1.5% among patients with positive blood cultures; Table S2 in the supplementary appendix lists the

bacterial genera with a prevalence of <1.5% among the 2699 patients with positive blood cultures.
§ Percentage calculated on the 2042 patients with positive blood cultures for Gram-positive or Gram-negative bacteria.
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internationally validated procalcitonin concentration strata:11

0.05 to 0.1 ng/mL, 0.1 to 0.25 ng/mL, 0.25 to 0.5 ng/mL, 0.5 to
1 ng/mL, 1 to 2 ng/mL, 2 to 10 ng/mL, and procalcitonin
concentrations �10 ng/mL (Supplemental Digital Content:
Table 4, http://links.lww.com/MD/A504). Only patients from
the PCBCs group were significantly overrepresented among the
patients with procalcitonin concentration between 0.5 and 1 ng/
mL (n¼ 4380), with a small effect size (odds ratio 1.21; 95%
CI, 1.05–1.39) (Figure 1 and Supplemental Digital Content:
Table 5, http://links.lww.com/MD/A504). In patients with pro-
calcitonin concentration between 1 and 2 ng/mL (n¼ 3208),
there was a significantly increased risk of blood cultures
growing Gram-positive bacteria, enterobacteria, and fungi
(Figure 1 and Supplemental Digital Content: Table 6, http://
links.lww.com/MD/A504). In the next procalcitonin stratum
(between 2 and 10 ng/mL, n¼ 4303), a significantly increased
risk was observed for 2 additional Gram-negative pathogen
subgroups, namely NFGNB (odds ratio 1.98, 95% CI, 1.41–
2.78; P¼ 0.0001) and anaerobic bacteria (odds ratio 2.59; 95%
CI, 1.41–4.74; P¼ 0.002). Among the patients with procalci-
tonin concentrations �10 ng/mL (n¼ 2560), there was a sig-

nificantly increased risk for both ‘‘Gram-positive bacteria’’
(odds ratio 3.64, 95% CI, 3.11–4.26; P< 0.0001) and
‘‘Gram-negative bacteria’’ groups (odds ratio 5.98, 95% CI,

4 | www.md-journal.com
5.20–6.88; P< 0.0001). Interestingly, for the procalcitonin
stratum �10 ng/mL (n¼ 2619), there was no significantly
increased risk for fungemia or PCBCs (both represented
4.4% of cases in this stratum). The percentage of cases correctly
classified in this regression model was 92.7% (Supplemental
Digital Content: Tables 5 and 6, http://links.lww.com/MD/
A504). All organisms significantly associated with each pre-
Digital Content: Table 7, http://links.lww.com/MD/A504 and
Figure 3, http://links.lww.com/MD/A504.

DISCUSSION
Our study included 35,343 consecutive patients over a

7-year study period and used the most sensitive technique for
measuring procalcitonin. In this large, real-life setting study,
procalcitonin was highly effective for excluding bloodstream
infections regardless of pathogen categories. A recent meta-
analysis showed that procalcitonin had a mean sensitivity and
specificity of 0.77 and of 0.79, respectively, for the diagnosis of
sepsis.6 However, this meta-analysis acknowledged that there

was substantial heterogeneity among the studies and consider-
able variations in procalcitonin cut-offs.6 We found that pro-
calcitonin thresholds ranging from �0.4 to �0.75 ng/mL had

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Diagnostic Accuracy of Procalcitonin for Detecting Positive Blood Cultures and Pathogen Categories in the Study

Gram-Positive Gram-Negative Enterobacteria Anaerobic bacteria NFGNB Fungi

n 975 1067 804 56 207 257
Prevalence, % 2.76 3.05 2.27 0.16 0.59 0.724
AUROC

�
0.687y 0.753y 0.765 0.764 0.680 0.643

SE 0.0085 0.0074 0.0082 0.0295 0.0187 0.0152
95% CI 0.682–0.692 0.748–0.757 0.761–0.770 0.760–0.768 0.676–0.685 0.638–0.648
Optimal thresholdz >0.75 >0.6 >0.6 >0.6 >0.6 >0.4
þLR 1.86 2.06 2.14 2.10 1.74 1.5
95% CI 1.8–2.0 2.0–2.1 2.1–2.2 1.8–2.4 1.6–1.9 1.4–1.6
�LR 0.58 0.37 0.33 0.34 0.54 0.54
95% CI 0.5–0.6 0.3–0.4 0.3–0.4 0.2–0.6 0.4–0.7 0.4–0.7
Sensitivity 60.72 76.94 78.98 78.57 66.67 72.27
95% CI, sensitivity 57.6–63.8 74.3–79.4 76.0–81.7 65.6–88.4 59.8–73.0 66.3–77.7
Specificity 67.36 62.72 63.13 62.53 61.69 51.83
95% CI, specificity 66.9–67.9 62.2–63.2 62.6–63.6 62.0–63.0 61.2–62.2 51.3–52.3
þPV 5.0 6 4.7 0.3 1 1.1
95% CI, þPV 5.6–5.4 5.6–6.5 4.4–5.1 0.2–0.4 0.9–1.2 0.9–1.2
�PV 98.4 98.9 99.2 99.9 99.7 99.6
95% CI, �PV 98.2–98.5 98.7–99.0 99.1–99.3 99.9–100.0 99.6–99.8 99.5–99.7
P-value

�
<0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

N, number of patients with positive blood cultures for the specified blood culture results subgroup. AUROC¼ area under the receiver operating
characteristic curve, 95% CI¼ 95% confidence interval,þLR¼ positive likelihood ratio, –LR¼ negative likelihood ratio, NFGNB¼ nonfermenting
Gram-negative bacilli, þPV¼ positive predictive value, –PV¼ negative predictive value, SE¼ standard error.�

Diagnostic accuracy of procalcitonin calculated on ROC analysis according to DeLong et al.34

yROC analysis performed after excluding patients with positive blood cultures for rare bacterial genera (with frequency less than 1.5% among
patients with positive blood cultures) or fungi.
zOptimal threshold calculated on ROC analysis according to DeLong et al; Bias-corrected and accelerated (BC ) bootstrap interval after 10,000
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high diagnostic accuracies for excluding all pathogen categories
with NPVs ranging from 98.4% for Gram-positive bacteria to
99.9% for anaerobic bacteria.

In healthy subjects, procalcitonin blood concentrations are
extremely low but can increase by 1000-fold following bacterial
infection.36 It has been shown that following endotoxin treat-
ment of baboons that procalcitonin is produced by several
tissues but mainly the liver and kidneys as soon as 6 hours
postinjection.36,37 Consistently, massive induction of procalci-
tonin expression in multiple organs, including the liver, spleen,
and lung, was shown in hamsters after Escherichia coli infec-
tions.36,38 Both clinical and animal studies have confirmed that
a straight lipopolysaccharide (LPS) injection induces pro-
duction of procalcitonin in the blood stream.39 Furthermore,
direct cellular induction of procalcitonin after LPS addition has
been demonstrated in cell culture.40 It has been shown that
Gram-negative bacteria tend to induce higher levels of blood
procalcitonin compared with Gram-positive bacteria.32 This
could be explained by the fact that LPS is the major component
of the outer membrane of Gram-negative bacteria. On the other
hand, Gram-positive bacteria lacking LPS can, to a lesser
extent, also provoke procalcitonin stimulation through lipotei-
choic acid.1,41 Our results corroborated previously published
data and confirmed that Gram-negative bacteria have the great-
est ability to stimulate procalcitonin production.

Several randomized trials showed that procalcitonin is an
effective tool for reducing antibiotic exposure without harming

iterations.
outcomes in patients with suspected bacterial infections or
sepsis.8–11 In an individual patient data meta-analysis, procal-
citonin measurements were effective in reducing antibiotic

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
exposure without increasing the risk of mortality or treatment
failure in patients with acute respiratory tract infections.8

Consistently, in adult patients with respiratory tract infections
and sepsis, a meta-analysis on 14 randomized controlled trials
that included 4467 adult patients with respiratory tract infec-
tions and sepsis demonstrated that procalcitonin algorithms for
antibiotic therapy decisions were effective in reducing anti-
biotic exposure without worsening patient outcomes or
mortality.11 Our results support the use of procalcitonin to
guide the initiation of probabilistic antibiotic therapy in patients
with suspected bloodstream infection. This would prevent
antibiotic exposure in low-risk patients who may not benefit
from empirical antibiotic therapy pending blood culture results.

NFGNB – which are intrinsically resistant to many anti-
biotics and possibly multidrug-resistant – have now emerged as
potentially life-threatening healthcare-associated pathogens
account for approximately 15% of all bacterial isolates in
clinical microbiology laboratories.42,43 We found that procal-
citonin concentrations �0.6 ng/mL excluded NFGNB bacter-
emia with an NPV of 99.7%. Furthermore, we observed a
significantly increased risk of NFGNB bacteremia only in
patients with procalcitonin concentrations of 2 ng/mL or above.
These results may help targeting patients at high risk for
NFGNB bacteremia among those with suspected bloodstream
infection pending blood culture results.

The number of fungal infections is increasing, particularly
in patients with cancer.44 This represents a major problem given

a

the relatively poor response rates to and the high cost of
empirical antifungal therapy.44 In our study, a procalcitonin
concentration of 10 ng/mL or above was associated with a high

www.md-journal.com | 5
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FIGURE 1. Forest plot showing the odds ratios and confidence intervals of the association between procalcitonin concentration strata and
pathogen categories in a stepwise multivariate logistic regression analysis. PCBC¼potential contaminants found in blood culture,
NFGNB¼nonfermenting Gram-negative bacilli, Supplemental Digital Content: Figure 3 illustrates in detail the association between
predefined procalcitonin concentration strata and bacterial genera and fungi in stepwise multivariate logistic regression analysis.
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risk of Gram-positive or Gram-negative bacteremia but
dramatically reduced the risk of PCBCs or fungemia. Con-
sequently, this threshold may help identify patients who will
not benefit from empirical antifungal therapy pending blood
culture results.

Our study had several limitations. First, direct and indirect
benefits of the implementation of procalcitonin thresholds in
patients with suspected bloodstream infection were not evaluated.
These benefits could be assessed through an interventional study
that aims to evaluate the benefits of a procalcitonin-based strategy
for the reduction of blood culture tests, unnecessary antibiotic
prescription rates, and antibiotic resistance. Second, clinical
criteria for distinguishing contaminants from true bacteremia
were not available and could not be retrieved because of the
study design. Consequently, the diagnostic accuracy of procalci-
tonin in distinguishing contaminants from true bacteremia among
the patients in the PCBCs group was not assessed. Nevertheless,
the primary endpoint of the study was to investigate the diagnostic
accuracy of procalcitonin in predicting or excluding clinically
relevant pathogens but not potential contaminants. Interestingly,
in our study, the prevalence rates of Gram-positive and Gram-
negative bacteremia and fungemia were similar to those reported
on a nationally representative sample of acute care hospitals in the
United States,45 thereby making our findings applicable to other
populations.

CONCLUSIONS
Our study shows that in a large real-life setting experience

�
Staphylococcus aureus, Streptococcus (other than viridans-gro

Enterobacter, Klebsiella, and Citrobacter. zNonfermenting Gram-n
Bacteroides.
with more than 35,000 patients, procalcitonin was highly
effective at excluding bloodstream infections regardless
of pathogen categories. Pending blood culture results,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
procalcitonin measurements, should be performed in patients
with suspected bloodstream infections. Procalcitonin thresholds
ranging from �0.4 to �0.75 ng/mL were highly effective at
excluding clinically relevant pathogens. Procalcitonin concen-
trations �10 ng/mL were associated with a high risk of Gram-
negative or Gram-positive bacteremia but also dramatically
reduced the risk of PCBCs or fungemia. The results from
our study are limited by its cross-sectional design and deserve
to be validated in prospective longitudinal studies.
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